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Significant  rasaareh  in  Taxtilaa  Saction  of  Materials  Dapartaant,  RAB, 
during  tha  period  1968-1975  is  suaaarisad  with  rafaranca  to  relevant  published 
reports.  This  review  updates  siadlar  ones  issued  in  1956  and  1968. 
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1 nrooDPCTKii 

Th«  wid«  rang*  of  Dtfonc*  applications  of  tastilas  in  aviation  fons  tha 
background  to  the  textile  research  of  Katerials  Departaent,  SAB.  The  applica- 
tiona  have  included  parachutes,  flying-clothing,  energy-absorbing  devicas  and 
inflatabla  structures  such  as  balloons,  ascapa  slides  and,  until  1971,  hover- 
craft skirts. 

Previous  unified  descriptions  of  the  work  of  Textiles  Section  were 
presented  by  Baker*  in  1956,  and  by  Swallow,  Mikolajewski  and  Wsbb^  in  1968. 

It  is  now  opportune  to  review  the  work  of  the  ensuing  years  and  in  this  Saport 
aoae  investigations  on  weatharing,  hast,  wear  and  other  properties  are 
■uHMrised.  The  course  adopted  is,  as  before,  to  survey  the  background  to  the 
problens  studied  and  than  give  a short  sunnary  of  the  nathods  used  and  sons  of 
the  principal  results;  for  further  details,  the  reader  is  referred  to  the 
relevant  published  reports. 

Much  has  been  learnt  in  recent  years,  particularly  about  tha  propertiaa 
of  nylon,  and  this  has  provided  a bettar  understanding  of  tha  perfomance  of 
textile  naterials  in  Service  applications;  the  results  fron  several  sections  of 
the  work  have  been  incorporated^  in  AvP  970,  and  these  are  presented  in  the 
Appendix. 

2 WBATHEBIHG  OP  TEXTILES 

2.1  Effects  of  dyes  and  finishes 

Earlier  work^  had  indicated  that  certain  dyes  affected  the  resiatance  of 
textile  naterials  to  actinic  attack.  It  waa  therefore  desirable  to  establish 
which  dyes  and  finishes  did  not  accelerate  the  degradation  and  prafarably 
exerted  sene  protective  effect,  for  aerospace  applicationa  such  as  parachutes. 

A contractor  and  various  departnsnts  of  tha  Procurenent  Executive, 
Ministry  of  Defence,  participated  in  experiasnts  using  2503  conbinations  of 
finishing  treatasnts  or  dyeing  and  weathering  exposure  on  nylon  textiles.  The 
results  were  analysed^,  principally  by  analysis  of  variance  of  ten  factorial 
sets  of  data.  Tha  best  five  overall  of  25  different  dyestuffs  on  hi|^-tenaeity 
thread  and  webbing  afforded  reasonable  protection  and  were  recoaMndod  for  use^t 
thaaa  were  Cl  Acid  Black  132,  CZ  Disperse  Tallow  3,  Cl  Disperse  Orange  3, 

Cl  Acid  Croon  43  and  Cl  Mordant  Tallow  34. 
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Fading  of  tha  23  dyaatuffa  on  high;*tanacity  nabbing^ gava  a good  indlca- 
tlon  of  atrangch  loaa  whan  tha  colour  changa  waa  aodaratat  but  on  axtra-faigh- 
tanacity  thraad  fading^ gava  no  worthwhila  information  in  any  of  tha  condi- 
tiona  atudiad.  Xanon  arc  accalaratad  taata  gave  aoma  prediction  of  atrength 
loaa  of  high-tenacity  thraada  in  tha  Auatralian  daaart,  but  no  worthwhile 
corralationa  in  tha  UK.  With  astra-hi^-tanacity  thraada,  dyeing  generally  lad 
to  more  atrength  loaa  on  weathering,  relative  to  tha  controla,  than  with  high- 
tenacity  thraada.  Incraaaad  amounta  of  dyaatuff  uatMlly  lowered  the  atrength 
retention  of  extra-hi^-tanacity  thraada  (high-tenacity  thraada  were  not 
teated) . 

2.2  Bffecta  of  agricultural  chaadcala 

Parachute  equipment  ia  liable  to  become  contaminated  by  accidental 
contact  with  chemicala  which  have  bean  appliad  to  land  or  cropa.  Thia  could 
happen  in  a paratrooping  axerciaa  whan  a parachutiat  miaaea  the  deaignated 
dropping  Bone,  and  particularly  if  thare  are  concentrated  patchea  around  burat 
or  apilled  containera,  hoaad-down  arena  or  ahaap-dip  tanka. 

Tha  chemical  nature  of  aoma  of  tha  more  likely  compounda  to  be 

g 

encountered  wee  aecertained  with  tha  aaaiatanca  of  the  Plant  Pathology 
Laboratory  of  the  Miniatry  of  Agriculture,  Fiaheriea  and  Food,  and  their 
potentially  hanaful  ef facta  were  conaidared.  In  unfavourable  circumatences,  it 
ia  poaaible  that  damage  to  parachute  matariala  could  occur,  either  inamdiately 
or  after  atoraga,  particularly  from  acidic  aubatancaa  or  thoae  likely  to 
produce  acida  (adnaral,  phenolic  or  carboxylic)  on  weathering.  A procedure  to 
be  followed  in  the  event  of  auapactad  contamination  waa  auggaated. 

2.3  Bhrinkaxe  ef  cordaaa 

Wotting  of  parachutaa  can  occur  by  contact  with  wet  runwaya  or  graaa,  or 
witii  rain,  aea  ate;  weahing  ia  not  uaually  permitted  in  UK,  partly  becauaa  the 
dirtinaaa  given  an  indicatioa  of  tha  amount  of  uao,  but  it  My  be  introduced 
to  extend  tha  working  life,  and  it  can  be  undartakon  after  daaeanta  into  tha 
ana.  Kigging  line  length  ia  one  of  tha  doaign  faaturaa  of  a parachute,  and 
aignifieamt  ateinkaga  may  affect  daploymant  and  opening. 

The  akrlnkaga  of  aiglit  eorda  made  from  five  different  fibre  typaa  waa 
Ckarafora  inveatigatad^  lAan  tha  eorda  were  aubjaetad  to  natural  weathering 
with  or  without  a load,  to  oxpoaure  to  aun  only  without  wotting,  and  to 
iaBaraian  in  water. 
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Th«  various  cords  shmk  to  diffsrlng  sxtsnts  dspsndlng  on  ths 
circuastsncss ; m unscoursd  nylon  cord  shrsnk  noticssbly  in  all  ths  tssts. 
Shrinksts  was  raducad  by  loading.  Most  of  tha  cords  shrank  in  boiling  watar» 
thou^  this  was  not  a good  pradictor  of  shrinkaga  in  othar  conditions. 

3 lywcTS  or  hut  oh  imms 

3.1  Liquid-fual  firas 

TWO  of  tha  nain  aias  of  tha  considarabla  world  litaratura  on  taxtilas  and 
fira  hava  baan  to  produca  usabla  fabrics  which  ara  lass  flaanabla  than  pra- 
viously  (such  as  thosa  from  aroaatic  polyaadda  and  polybansiaidasola  fibras, 
and  cotton  traatad  with  HnMthylol  dialkyl  phosphono  propionaaida) » and  to 
davisa  nathods  of  tast  to  coapara  bahaviour  (such  as  tha  osygan  indas,  aannaquin 
and  fira-pit  tasts) . 

In  tha  naighbourhood  of  a burning  aircraft,  tha  actual  flaasability  of 
a swtarial,  such  as  could  causa  tha  spraad  of  an  axisting  fira,  nay  ba  of 
sacondary  iaportanca,  sines  a taxtila  in  a position  to  catch  fira  will  probably 
alraady  hava  caasad  to  fulfil  its  functions  of  load-^aaring  or  substratua 
protaction. 

A laboratory  asthod  waa  tharafora  davisad*^  for  studying  tha  failura  in 
function  of  textiles  on  axposura  to  a liquid-fual  fire  in  tha  form  of  a vertical 
wall  of  flaas  supported  on  a glass -fibre  fabric.  Temparaturas  ovar  a doMin  of 
a/r  ratios  (distanes  from  fire/radius  of  fira)  ware  racordsd  against  a tins 
base  using  tharaoeooplas  positioned  on  tha  surface  of  tha  fabric  undar  tast  and 
on  a glass-fibra  fabric  acting  as  a substratum.  Analysas  of  variance  of  tinea 
and  temparaturas  wars  made. 

Tha  critical  region  for  damage  to  a nylon  fabric**  acting  as  a protective, 

such  that  tha  substratum  was  in  danger  of  being  axposad  to  tha  flams,  was  irtian 

1 2 

a/r  was  balow  1.2.  An  untraatad  cotton  fabric  caught  fira  below  a/r  ■ 0.3  . 
Tha  prasanca  of  a protective  fabric  ineraasad  tha  tima  for  tha  substratum 
ta^^aratura  to  rise,  particularly  if  thara  was  a gap  between  tha  fabric  and  tha 
substratoB. 

3.2  TrsnsmissioB  at  haa^ 

Tba  eoaasreial  ineroduetiom  of  aromatic  polyaadda  fibres,  which  possass 
a tbamal  rasistamea  superior  to  that  of  eonvontisnal  nylon,  affordod  ths 
possibility  of  iaeraasiag  tba  lifdtima  of  taxtilas  suddenly  exposed  to 
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•IratrMM  «t  hi|))  trap«ratur*t^ . Thig  iras  confiragd'^  for  plain  circular ly- 
wovan  cordag*  at  low  loada  or  at  high  taaparaturaa  (200-500*^0,  but  at  hi^ 
loada  at  taaparaturaa  balow  200®C  thara  waa  littla  diffaranca  batwaan  tha 
arnaatic  and  convantlooal  polyaaidaa.  Tha  aroaatic  polyaaida  vaa  auparior  to  an 
acrylic  fibra  cord  of  aiailar  conatruction  in  all  tha  conditiona  atudiad, 
nylon  waa  auparior  to  tha  acrylic  ascapt  at  aaro  load  (Flga.l-3). 

Tha  tranaaiaaion  of  haat  into  tha  aroaatic  polyaaida  cord  waa  attidiad^^. 

At  low  lavala  of  airatraaa  taa^ratura,  load  and  tiaa  (for  which  tha  diffaran- 
tial  aquationa  govarning  haat  flow  could  ba  intagratad),  tha  tharaal  difuaivity 
into  thia  cord  waa  coaputad  to  ba  4.1  k 10“*a^/aacond,  tha  tharaal  conductivity 
0.034WACaand  tha  aurfaca  haat  tranafar  coafficiant  31W/K  a^  {of.  a braided  nylon 
cord  with  4.8  x io“®,  0.050  and  16  raapactivaly) . 

3»3  Elavatad  taaparaturaa  for  nroloMad  parioda 

Parachutaa  are  often  aiibj acted  to  alavatad  taaparaturaa  in  noraal  uaa: 
thua,  brake  parachutaa  nay  ba  heated  kinetically  to  I50®C,  and  deployaant  into 
a jet  exhauat  can  raiaa  the  taaparatura  to  at  laaat  I70®C,  as  has  bean  deaon- 
atrated  by  weaving  a coloured  polypropylene  warp  yarn  into  parachute  linaa. 

Tha  coanarcial  introduction  and  aubaaquant  widaapraad  uaa  of  axtra-high- 
tanacity  nylon-66  yarn  containing  an  additive  to  ii^rova  haat  raaiatanca 
naeaaaitatad  an  axtanaion  of  tha  work  which  had  earlier  bean  dooa^  on  high- 
tenacity  yarn.  Thia  new  type  of  nylon  yarn  waa  therefore  axpoaad^®  for  up  to 
two  yaara  at  te^>araturaa  of  150®  and  175®C.  Variationa  in  certain  propartiaa 
were  daterninad  at  varioua  tiaaa. 

Count  at  firat  incraaaad  by  about  7X  doe  to  ahrinkaga,  and  than  dacraaaad 
to  7X  balow  tha  initial  value.  Tha  anaa  dacraaaad  by  nora  than  50X.  Tenacity 
(Tig.4)  and  yarn  atrangth  dacraaaad  eontinuoualy,  and  only  a anall  fraction  of 
tha  original  value  ana  rataiaad  at  tha  and  of  tha  triala.  hraAing  aatanaion 
incraaaad  to  about  l|  tiaaa  tha  original*  but  than  dacraaaad  to  a vary 
low  value.  Carbonyl  and  groupa  incraaaad  by  about  ten  tiaaa  before  tha  nylon 
bacaaa  incraaaingly  inaolubla  in  aolvant*  probably  bacauaa  of  croaa-liidcing. 

The  reaction  waa  aacond  order  at  both  tanparaturaa  at  tha  beginning,  but 
at  I75®C  dacraaaad  after  about  a aonth  to  0.6  (fig.5). 
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3.4  Fl>xlbllity  of  coafd  fabrlcf 

Inflatable  aquipwnt  nada  from  coatad  fabrlca  may  ba  aubjactad  in  uaa  to 
bi^  or  low  tamparaturaa,  a.g.  in  aacapa  alidaa  exposed  to  the  heat  of  an 
aircraft  fire,  in  balloons  at  high  altitude  absorbing  radiation  from  tha  sun, 
in  cold  weather  uae  of  equipment,  and  in  tha  lowering  of  tei^rature  during 
inflation. 

The  flexibility  of  the  rubbers  on  coated  fabrics  may  be  affected  to  a 
conaiderable  extent  by  temperature.  Work  was  therefore  undertaken*^  on  the 
^i*sihility  of  nylon  and  other  base  fabrics  coatad  with  various  types  of  rubber. 
The  bending  length  of  a cantilever  waa  used  as  the  criterion,  and  samples  were 
exposed  to  teaq>eratures  between  -40°C  (in  a freeser)  and  +I40°C  (in  an  oven) . 

It  waa  shown  that  an  Arrheniua-type  relationship  existed  between  bending 
length  and  absolute  teaq>erature , with  activation  energy  related  to  the  total 
fabric  thickness  (Fig.6) . 

4 EWBCY-AB801BIMG  PROPERTIES  OF  TEXTILES 
4.1  Ply-tear  webbing 

Ply~tear  webbings  are  narrow  fabrics  woven  with  two  sets  of  main  warps 
and,  usually,  two  wefts  to  form  separate  plies  which  are  bound  together  hy  a 
third  set  of  warps,  the  binders  (or,  in  a lass  investigated  but  potentially 
veraatila  msthod,  by  binding  two  conventional  wsbbinga  by  stitching) . By  loading 
the  two  seta  of  sMin  warps  in  tension  in  opposite  directions,  the  breakage  of 
successive  binders  can  be  used  to  absorb  mechanical  anergy  at  a substantially 
constant  ‘■td  predictable  force,  and  largely  irreversibly.  Conventional  cordage 
absorbs  snargy  at  a steadily  increasing  force  which  nay  be  greater  than  the  body 
being  decelerated  can  withstand,  and  a considerable  portion  of  the  energy  my  be 
stored  elastically,  leading  to  recoil.  Nhen  fibres  such  as  nylon  are  used  in 
the  'undrawn*  state  they  absorb  much  energy  non-elastically  by  drawing,  but 
they  cannot  be  used  below  about  S^C,  and  they  deteriorate  in  hi|h*^emidity 
storage  unless  protected^. 

Ths  tsar  forces  in  12  different  constructions  of  ply-tear  webbings  were 
nsasured  in  wet  and  dry  conditions,  st  a slow  speed  using  a tansomster  and  in 
drop  taste  using  a budile  gauge.  The  total  enersf  Asorption  was  nsasured  by 
several  different  methods. 
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The  energy  ebeorbed  per  unit  nieee  of  webbing  et  e given  binder  strength, 

,1  i.e.  efficiency,  was  highest  et  e lower  main-werp  count,  lower  weft  count, 

higher  binder  count,  higher  velocity,  higher  felling  mess,  end  in  wet  conditions, 
but  there  wes  no  detectable  difference  between  different  binder  materials. 
Unfortunately,  the  circumstances  leading  to  higher  efficiency  were  those  most 
likely  to  cause  breakage  of  the  main  warps  instead  of  the  binders,  with 
•disastrous  consequences . 

An  efficiency  of  60J/g  was  achieved  at  a bindet/warp  strength  ratio  not 
much  above  O.IO,  but  this  could  be  unsafe  when  wet.  Above  80J/g  at  a ratio 
approaching  0.20,  the  construction  was  definitely  dangerous.  A safe  limit  for 
all  the  conditions  examined  was  about  40J/g  at  a binder  mess  fraction  of  0.08 
(Fig. 7).  For  webbings  of  a given  mass  per  unit  length,  the  efficiency  was 

linearly  related  to  the  tear  force,  which  in  turn  was  linearly  related  to  the 
total  binder  strength. 

The  deceleration,  velocity  and  extension  at  the  impacted  end  of  the  ply- 
tear  webbing  was  calculated'®  by  applying  the  equations  of  motion,  using  only 
information  contained  in  the  ispact  conditions  and  the  force-time  records.  This 

permitted  the  variation  with  time  of  these  related  quantities  to  be  estimated 
(Figs. 8 and  9). 

5 WEAR  OF  TEXTILES 

5.1  Hovercraft  fabrics 

Textiles  Section  was  for  a tims^ in  collaborative  work  with  Mathematics 
Department,  RAE,  and  other  Establishments,  concerned  with  the  wear  of  fingers 
on  an  SRMS  hovercraft  operated  by  Interserviees  Hovercraft  Unit.  In  normal 
practice  experimental  materials  may  be  tested  by  substituting  a few  fingers 
■ade  from  them  into  an  otherwise  standard  set,  but  this  method  lacks  control  of 
error  and  permits  conclusions  of  doubtful  veracity  to  be  drawn. 

It  was  Intended,  in  a statistical ly-derigned  experiment,  to  compare  the 
rates  of  wear  of  different  fabrics,  to  compute  the  correlations  between  the  rates 
of  wear  and  the  results  of  a battery  of  laboratory  tests,  to  determine  the 
properties  needing  Improvement,  end  to  compile  a specification  for  the  fabrics. 

Hot  all  these  alas  were  realised  before  RAE  was  withdrawn  from  the  work  in  1971, 

I but  tha  Mtrlbution  made  by  Materials  and  Mathematics  Departments  was 
recorded'®. 
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Wear  rates  for  a given  material  were  reasonably  constant  with  time,  but 
were  dependent  on  the  position  on  the  craft,  and  were  hii^ly  correlated  with 
’flagellation*  values  (wear  during  high  frequency  flapping),  fabric  mass  and 
thickness,  and  tear  strength.  Facto.,  analysis  of  the  correlation  matrix  for 
all  the  properties  studied  (Table  1)  indicated  that,  out  of  four  factors 
extracted  (designated  0,  i|),  x>  t)t  ((1)  identifiable  after  rotati<xi  of  the 
axes  as  fabric  thickness  dominated  most  of  the  other  properties,  including 
wear  rates.  There  was  also  a specific  hovercraft  factor  (x)  influencing  wear 
rates  and  delamination  which  had  low  correlations  with  all  the  other  properties 
investigated,  except  possibly  the  friction  on  wet  concrete.  A plot  of  wear 
rate  against  fabric  thickness  suggested  that  relatively  little  improvement  could 
be  expected  at  thicknesses  greater  than  3ob  (Fig.  10). 

5 .2  Relationships  between  snatch-tear  and  other  properties 

The  effect  of  the  construction  of  54  fabrics,  in  terms  of  coating  and 

2 20 
traave,  on  the  snatch'-tear  coefficients  and  13  other  properties  were  assessed 

by  dividing  the  fabrics  into  ten  sub-sets  having  attributes  held  in  coomon 

(Fig. II).  Correlation  matrices  for  the  properties  within  each  set  were  computed. 

This  smthod  has  advantages  over  factorial  designs  when  many  of  the  levels 
required  of  the  latter  cannot  be  filled,  though  there  is  loss  of  efficiency  and 
knowledge  of  interactions  between  factors,  and  it  was  recognised  that  the 
properties  were  not  necessarily  independent. 

The  correlations  and  regressions  within  sets,  and  differences  between 
sets,  were  examined.  In  particular,  it  was  found  that  the  snatch-tear 
coefficient  on  energy  input 

(1)  was  negatively  and  often  highly  correlated  with  thickness,  smss  per  unit 
area,  bending  properties,  strength  and  tear  strength; 

(2)  had  regressions  for  the  relationship  with  breaking  strength  which  were 
significantly  different  from  sero. 

5.3  Penetration  of  fabrics  by  pointed  agents 

Nhen  tearing  of  a fdbric  occurs  by  nsans  of  an  energy  input  to  a tearing 
assney^,  such  as  a nail  inserted  throu^  a fabric,  it  is  clearly  a prerequisite 
chat  the  nail  should  have  already  penatratad  the  fabric. 

dpparatua  was  designed^*  in  idiich  nails,  sack  of  knoim  total  mass,  shaft 
diamstar  and  angla  of  point,  were  raloaaad  from  known  haighta  above  borisontal. 
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biaxial ly-tensioned,  cruciform  apecinmtia  of  rubber-coated  and  uncoaced  fabrics. 
The  height  of  penetration  was  defined  as  that  height  at  which  penetration  just 
occurred  in  given  circuaatances . 

The  mass  of  the  nail  and  the  shaft  diameter  were  the  important  factors 
determining  penetration.  Fabric  tensions  and  the  angle  of  the  point  had  little 
effect^  though  it  should  be  noted  that  it  would  not  be  safe  to  extrapolate  thia 
conclusion  to  sharpar  angles  than  those  considered. 

The  mean  energy  to  cause  penetration  was  linearly  related,  through  the 
<**■*•8^**,  to  the  thickness  of  the  fabric;  the  coated  fabrics  were  not  distin- 
guishable from  the  uncoated  for  the  range  of  cover  factors  investigated.  The 
energy  to  penetrate  was  related  linearly  (Fig. 12)  to  the  regression  coefficient 
of  penetration  energy  on  shaft  diameter  and  hyperbolically  (Fig. 1 3)  to  the 
regression  coefficient  of  snatch-tear  length  on  energy  input,  implying  that 
within  the  range  of  cover  factors  investigated  fabrics  whidi  were  difficult  to 
penetrate  trere  also  difficult  to  tear. 

5 High-speed  abrasion  of  nylon  cordage  on  resin-coated  concrete 

2 

^^f*vious  work  had  shown  that  nylon  cord  is  abraded  when  it  runs  over  a 

concrete  surface.  Nylon  t^>es  used  in  arrester  gear  suffer  from  this  type  of 

shrasion,  particularly  at  their  edges,  during  an  arrest  or  on  rewind.  The 

possible  effect  of  a 2imn  epoxy-resin  coating  on  the  concrete  in  reducing  this 

22 

type  of  abrasion  was  investigated  . 

At  low  velocities,  the  resin  was  worn  away  without  the  cordage  breaking, 
and  although  filaments  were  br<riien  there  was  no  melting.  At  high  velocities, 
however,  melting  occurred.  It  was  concluded  that  resin  coating  could  be 
protective  at  the  low  velocities  and  load  asaociated  with  rewind  (when  siost 
damage  to  the  tapes  is  thought  to  taka  place),  but  at  high  velocities  there 
would  be  little  benefit. 

5»5  Friction  of  fabrics  on  h****—  skin 

Since  friction  is  the  resistance  to  movement  encountered  when  one  surfece 
slides  or  attei^pts  to  slide  over  another,  it  seemed  likely  that  the  low-speed 
friction  of  clothing  fabrics  against  skin  could  be  one  of  the  factors  influenc- 
ing the  cosifort  and  cling  of  garments.  A procedure  was  developed^^  for  measur- 
ing this  friction,  utilising  fabrics  having  different  comfort  ratings.  Pieces 
of  these  fabrics  were  moved  over  the  forearm  under  various  loads,  both  in  dry 
and  wet  conditions. 
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It  was  found  that  the  friction  of  wet  fabrics  increased  to  a maximum  as 
the  water  content  increased,  and  then  decreased  slowly.  The  effects  of  the 
various  factors  on  this  maximum  force  were  assessed. 

The  higher  friction  of  wet  fabrics  relative  to  dry  was  more  marked  at 
lower  normal  loads  and  on  smooth  skin.  Friction  increased  with  increasing 
normal  load  non-elastically , was  substantial  at  zero  load  for  wet  fabrics,  and, 
after  allowing  for  this,  was  hi^er  for  wet  fabrics  than  for  dry.  It  was  also 
higher  on  smooth  skin  than  on  hairy,  and* the  difference  between  subjects  may 
have  been  due  largely  to  differences  in  skin  hairiness.  Differences  between 
fabrics  were  probably  related  to  their  wetness,  but  there  was  no  clear  relation 
between  the  maximum  force  and  the  comfort  ratings.  This  could  be  due  to  the 
different  water  uptake  by  the  fabrics  at  maximum  friction;  further  experiments 
on  fabrics  at  equal  water  content,  or  at  water  contents  corresponding  to 
particular  rates  of  physiological  activity,  could  be  illuminating. 

5.6  Searing  of  fabrics  by  running  cordage 

When  a cord  runs  at  speed  over  fabrics  such  as  nylon  which  are  liable  to 
melt,  the  conversion  of  frictional  energy  into  heat  may  result  in  searing  of 
the  fabric.  If  the  fabric  is  also  under  stress,  searing  damage  can  lead  to 
serious  tearing  with  possibly  dangerous  consequences.  This  can  happen  in  the 
deployment  of  parachutes. 

A main  contractor,  a sub-contractor,  and  various  departments  of  the 

Procurement  Executive,  Ministry  of  Defence,  collaborated  in  experiments  to 

determine  the  conditions  which  could  give  rise  to  searing,  and  to  investigate 

materials  solutions  to  the  problem.  Altogether  612  combinations  of  external 

conditions  and  of  treatments  were  tested;  damsge  was  assessed  by  measuring 

24 

residual  strength  which,  it  was  observed  , was  related  to  the  number  of  broken 
filaments  or  yams  and  not  to  weave  distortion. 

The  following  principal  conclusions  were  reached  by  analysis  of  variance 
of  the  three  experiments  perfonsed: 

(a)  When  the  cord  ran  across  the  fabric  at  l3.Sm/second,  damage  was  negligible 
in  all  the  circumstances  examined;  hi^er  velocities  had  an  increasingly 
dasugint  searing  effect  on  iqrlon  and  pol]rester  fabrics,  particularly  if  the 
contact  conditions  (pressure  and  tima)  were  made  more  severe. 
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(b)  Silicone  treatments  were  helpful  in  redticing  the  searing  of  nylon  fabrics 
if  applied  at  a mass  t^tske  on  the  fabrics  not  lass  than  about  IZ. 

(c)  Fabric  made  from  aromatic  polyamide  fibre  did  not  lose  strength  by  searing 
in  any  of  the  conditions  exasdned. 

5.7  Core  looping  of  textile  cordage 

In  some  braided  nylon  parachute  cordage  diere  is  a tendency  for  the  core 
yarns  to  loop  «rithin  the  shsath  giving  nodules,  and  for  thass  to  penetrate  the 
sheath.  Large  quantities  of  cordage  were  thus  being  rejected,  leading  to  pro- 
duction delays,  waste  and  inflation  of  costs. 

The  RAE  collaborated  with  a main  contractor,  a sid> -con tree tor,  and  various 
<l*P*i^CBBnts  of  the  Procurement  Executive,  Hinistry  of  Defence,  in  experiemnts  to 
determine  the  manufacturing  conditions  giving  rise  to  this  problem  . Two  cords 
were  tested,  now  designated  in  Specification  DTD  5620  as  CB203  and  CC301,  and 
two  experiments  were  performed,  involving  438  combinations  of  msnufacturing 
and  other  conditions . 

In  the  first  experiment  there  were  two  assessors  and  the  following 
principal  conclusions  ware  reached  by  anelysis  of  gariance: 

(a)  CB203  cord  formed  more  nodules  than  CC30I;  in  CB203  cord  the  nodules 
increased  as  sheath  tension  increased,  and  least  nodules  were  formed  at  high 
plaits/cm;  but  the  situation  was  less  clear  with  CC30I  cord. 

(b)  Penetrations  were  greatest  at  low  plaits/cm,  when  also  they  decreased  with 
tine  and  decreased  as  the  sheath  tension  increesed. 

(c)  There  was  no  evidence  that  core  tension  influenced  nodules  or  penetrations. 

In  the  second  experiswnt  plaits/cm  were  increased  further,  but  to  save 
cost  single  values  of  sheath  tension  and  core  tension  were  adopted  and  there  was 
only  one  assessor.  It  was  found  that  CC30I  core  had  increasing  nodules  as 
pi*^bs/cm  increased,  whilst  the  reverse  was  true  for  CB203  cord,  so  that  at  these 
high  plaite/cm  the  former  cord  now  had  a»re  nodulfiS  than  tha  lattar. 

6 mCHAMlCAL  PB0PERTIE8  OF  TIXTIIBS 

6.1  Variability  of  yarns 

The  tensile  behaviour  of  a yam  and  tha  variability  of  its  properties  are 
important  factors  whan  selecting  a material  for  a given  application.  Work  was 
Aarafore  uniartakan^  to  quantify  a nabbar  of  tanaila  prepartias  of  yams  of 


th*  fibre  type  end  of  different  fibre  types,  extracted  fron  cordage.  The 

properties  considered  were  count,  breaking  strength,  tenacity,  breaking 
extension,  energy  absorption  (by  integrating  stress-strain  curves)  and  aodulus 
(by  differentiation).  The  fibre  types  were  polyester,  nylon,  glass,  poly- 
propylene, acrylic  and  arasdd.  The  scatter  associated  with  the  measuresnnts 
was  analysed. 

Basic  data  were  thus  obtained,  applicable  in  further  work,  e.g.  on  yarn 

27  9 

to  cordage  translational  effects  , and  On  the  effects  of  weathering  . 

6.2  Translation  of  yarn  properties  in  cordage 


The  plain,  twill  and  braided  cords  fron  which  yarns  were  extracted  for  the 
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detemination  of  yarn  properties  were  subjected  to  siadlar  tests,  tc 
detemine^^  the  effects  associated  with  the  conversion  of  yam  into  cordage.  The 
differences  and  the  variability  were  analysed  using  statistical  snthods.  The 
penalties  associated  with  assuming  linear  stress-strain  curves  for  both  yarn 
and  cordage,  by  joining  Che  origin  to  the  breaking  coordinates,  were  also 

• j26,28 

exasaned 


6.3  Strength  of  sewn  joints 

In  the  construction  of  certain  types  of  parachutes,  the  highest  possible 
proportion  of  the  strength  of  a naterial  needs  to  be  retained  after  sewing,  to 
avoid  the  necessity  of  designing  to  carry  surplus  weight  and  bulk,  and  the  joints 
should  be  as  small  as  possible. 

29 

An  investigation  was  made  on  lap  and  superimposed  joints  in  four  tjrpes 
of  webbing  using  two  strengths  of  polyester  sewing  thread.  It  was  shown  that 
lap  joint  strength  increased  linearly  with  the  nunber  of  stitches,  provided 
that  joint  failure  was  due  to  sewing  thread  breakage.  Above  a certain  nuiid>er 
of  stitchas,  the  machaniam  of  failure  altered  in  that  the  webbing  broke; 
increasing  the  number  of  stitches  did  not  then  increase  the  joint  strength 
further.  Conversely,  increasing  the  nuaber  of  stitches  in  a superposed  joint 
decreased  the  strength  from  that  of  Che  unsown  material  to  a minimum  equal  to 
the  maximum  achiaved  in  the  lap  joints  (Fig. U). 

The  strength  and  tenacity  of  the  sewing  thread  were  significantly  lower 
after  sewing  (about  lOX),  and  there  was  some  evidence  that  the  needle  thread 
mms  meeker  than  the  bobbin  thread.  The  count  of  the  sewing  thread  increased 
after  sewing,  the  increase  probably  being  greater  for  the  needle  thread. 
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When  joint  failure  waa  dua  to  aawiag  thread  braakat«i  • reaaonable  predic- 
tion of  tha  atrangth  could  ba  aada  by  multiplying  tba  loop  strength  of  the 
thread  by  tha  mari>ar  of  stitches  and  by  a factor  related  to  tha  angle  tha  thread 
subtended  in  the  loop.  This  factor  vas  of  die  order  of  0.5,  but  uns  soasirhat 
dependant  on  thread  diaamter,  being  hi^er  for  a finer  thread. 

7 MISCELLAIBODS  PDBLICATKWS 

7.1  Flow  diagram  for  aerospace  applicationa 

The  properties  which  need  to  ba  taken  into  account  for  the  use  of  textiles 
in  military  aerospace  applications  has  been  presented^  in  the  form  of  a flow 
diagram  (Fig. 15).  This  can  be  used  as  a basic  chack  list.  The  requirements 
idiich  must  be  net  at  any  particular  stags  must  be  studied,  the  potential  use- 

of  materials  assessed,  acceptable  bounds  for  performance  stipulated,  the 
ability  of  current  materials  to  withstand  ii^sed  conditions  investigated,  and 
tha  possibilities  for  new  nd  better  materials  in  terms  of  value  and  safety 
ei^lored.  Entry  or  re-entry  to  the  diagram  may  be  wide  at  many  points,  and  it 
is  likely  that  entry  aarlier  than  is  initially  apparent  could  often  be  useful. 

Si*  principal  stages  may  be  recognised:  the  production  of  fibre  from 
Polja*r;  tha  production  of  basic  textile  structure  from  fibres;  finishing  snd 
dyeing;  making  up;  testing;  end-use  validation. 

Costs  are  involved  at  each  stags.  Those  involving  raw  materials,  process- 
ing and  manufacturing  the  final  product,  and  the  effort  required  for  research, 
quality  aasuranca  are  obvious;  possibly  less  apparent  are  the 
effects  on  costs  of  logistical  problems  (supply,  inferior  performance,  repair, 
replacamant,  time  out  of  service),  failures  and  accidents,  legislation,  ecology 
and  market  growth. 

7.2  Statistical  methods 

Tha  characterisation  of  textile  materials  is  subject  to  considerable 

(i.e.  tha  coiiiinad  effects  of  uncontrolled  factors),  so  that  statistical 
methods  are  usually  esaential  in  planning  ei^eriments  efficiently,  and  in  asseas- 
ing  the  reliability  of  conelusions . 

It  was  considered  that  a collection^*  of  a mmibor  of  useful  methods, 
particularly  those  xmlated  to  analysis  of  variance  and  xegreesion,  would  be 
helpful,  and  would  encourata  other  workers  to  plan  and  evaluate  along  atatistical 
lines. 


7 .3  Cttid«  to  co«fd  fabrics 


A broad  aurvay  of  coatad  fabrics  and  dieir  uses  in  Inflatable  devices  as 
hi^  strength,  flexible  asabranes  inperaaable  to  gases  end  liquids  was  nade^^ 
for  the  general  reader.  The  types,  properties,  asking  up  and  applications  of 
coated  fabrics  were  dealt  with,  and  probleas  associated  with  their  use,  such  as 
lower  strength/weif^t  ratio,  tear  strength  and  flexibility  coapared  to 
uncoated  fabrics,  were  pointed  out. 

8 FUTUKE  TgBIIDS 

The  lifing  of  textile  equipaents,  their  perfonsance  in  increased  severity 
of  conditions,  protection  against  hostile  environaents,  the  characterisation  of 
alternative  aaterials,  and  utilisation  of  knowledge  in  investigations  of 
accidents  sod  aalfunctions  all  pose  iaadiate  and  difficult  probleiss  of 
scientific  and  logistic  character. 

Hork  in  hand  or  projected  for  the  future  includes  studies  on  the  daasge 
of  abseil  lines,  recoil  of  breaking  ropes,  weathering  of  coated  fabrics  and  of 
a range  of  cords,  optiaisation  of  sewn  joints,  the  strength  of  knots,  snd  the 
characterisation  of  'touch  and  close*  faatenare.  In  addition,  work  on  the 
effects  of  fire  needs  to  be  extended  to  include  inherently  fire-resistent 
fabrics,  coated  fabrics,  sewn  or  glued  seaas,  aultiple  layers  and  stressed 
Mterials,  Reports  on  individual  iteas  of  work  will  be  issued  es  appropriate. 


^ mCIDDO  PAOS  BUMK.MOT  flUCD 
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AppADdix 
(«ae  iMtion  1) 

AvP  970.  Vol.l  MEMO  20/A  Auguit  1973 

DBTERIORATIOH  OT  FIBROUS  MATERIALS 

L«afl«t  801/4 

The  curr«nt  l««£let  is  supsrssdsd  by: 

L— fist  801/4 

PEECADTIONS  ACAIM8T  COREOSIOM  AND  DETEEIOBATION 
OT  riBRODS  kA¥ERtAlS 

1 Introduction 

I • I This  Lssflst  gives  inforastion  on  prsesutions  Co  sdniaiss  dstsriorstion 
of  textiles  end  cordsges. 

2 Resistance  to  rottins 

*2.1  Synthetic  fibre  asterials  are  resistant  to  rotting,  i.e.  to  attack  by 
■icro-organisas.  and  require  no  protective  treatnent.  Sosa  aicrobiological 
attack,  generally  haraless  in  itself,  though  possibly  unacceptable  aesthetically, 
aay  occur  on  surfaca  finishes  applied  or  where  the  aaterial  is  contaainated . 

2.2  Natural  fibre  aaterials  are  susceptible  to  rotting  and  require  protective 
treataent  in  accordanca  with  chapter  801.  paragraph  17.2. 

3 Easistance  to  actinic  daaradation 

3.1  Textile  and  cordage  fibres  are  susceptible  to  degradation  and  weakening 
by  actinic  attack.  This  needs  to  be  borne  in  aind  when  the  use  or  the  position 
ot  the  coaponent  in  the  aeroplane  results  in  auch  exposure  of  the  aaterial  to 
light. 

3.2  D.  Hat.  Tech.  Nsae.  Ho. 8 (see  Raf.l)  describes  results  of  continuous 
exposure  teats  of  nylna.  Tarylana  and  flax  wsbbings  under  tropical  and  teaperata 

Conaldarabla  lessee  of  strength  occurred  within  an  exposure  period 
of  six  aonths.  far  aaaaple.  webbings  aade  froa  *bri|jht'  nylon.  *bright* 

Tarylana  (sea  paragraph  3.6  for  definition  of  'bright*)  and  flax  yams,  exposed 
for  six  aonths  in  Australia,  lost  S3I,  48X  and  AIX  respectively  of  breaking 
strength  i*en  exposed  to  direct  light  end  22S,  27S  and  25S  respectively  when 
wposad  behind  'rerspex*. 


•The  revised  inforaatien  given  in  this  Hsao.  has  been  supplied  by  Haterials 
Departaaat,  la. 
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*3.3  A review  of  the  licereture  on  the  weetherinp  of  nplon  ia  given  in 
Technicel  Note,  Chen  1389  (aee  Ref .2);  reeulta  of  weathering  triala  of  nylon 
and  the  aaaeaanent  of  aoan  protective  treataenta  ia  deacribed  in  RAI  Technical 
Report  64081  (aee  Ref. 3).  It  waa  found  that  2:4  dihydroxybenaophenone  applied 
from  aolution  in  bensyl  alcohol  or  nathylated  apirit  provided  aoM  protection. 
For  extra  hi^  tenacity  nylon,  90X  of  the  original  atrength  waa  retained  after 
312  daya  expoaure,  and  70Z  after  609  daya.  Corraaponding  figurea  for  the 
untreated  naterial  were  6SZ  and  31Z.  For  deluatered.  nylon,  the  atrength  reten~ 
tion  of  treated  fibrea  waa  90Z  after  123  daya,  whilat  untreated  fibrea  retained 
only  32Z. 

*3.4  Uhere  it  could  be  applied,  e.g.  in  certain  typea  of  rope,  neoprene  aleev- 
ing  reaulted  in  better  than  90Z  atrength  retention  after  five  yeara.  Sleeved 
ropea  after  expoaure  were  indiatinguiahable  fron  new,  and  they  did  not  anarl 
or  ahrink;  they  were  alao  protected  frow  abraaion. 

*3.5  Correlationa  of  fading  of  dyeatuffa  with  atrei«th  loaa  ahowad  that  for 
aingle  dyea  on  high  tenacity  nylon  threada  and  wabbinga,  coefficienta  of  up  to 
0.75  were  obtained,  and  fading  conatituted  a uaeful  non-~deatructiva  teat  for 
•trength  (aee  Ref .4).  For  nixturea  of  dyeatuffa  on  extraHiigh  tenacity  nylon 
threada,  no  aiwilar  worthidiile  correlation  exiatad  (aee  Ref .5) . 

3.6  With  aynthetic  fibre  wateriala,  the  preaence  in  the  fibre  of  deluatering 
pigment  acceleratea  actinic  degradation.  Fibre  of  the  'bri^t*  type  ahould 
preferably  be  uaed,  i.e.  fibre  aubatantially  free  fron  deluatering  pignant. 

Mien  the  application  involvea  nuch  eivoaure  to  light,  only  bri^t  type  fibre 
ahall  be  uaed  (aee  chapter  801,  paragraph  17.1.2). 

4 Raaiatance  to  heat 

4.1  Textile  and  cordage  fibrea  are  aubject  to  degradation  and  weakening  when 
expoaed  to  elevated  tenperaturea.  RAI  Technical  Note  Chen  1270  (aee  Ref .6) 
deacribea  the  reeulta  of  tenaile  teata  on  nylon  and  Terylena  yariM  before  and 
after  ageing  at  tenperaturea  to  ISO^C.  After  16  houra  eiqpeaure  ia  air  at 
150®C  the  roon  temperature  atraageh  of  the  nylon  yarn  waa  teduead  by  approxi> 
nataly  40Z.  The  aana  duration  of  ompoaure  of  tha  Tarylana  yam  in  air  at  156®C 
roduead  tha  roon  tanparatura  attangth  by  apprenimtaly  lOZ. 

*4.2  IxtraHiigh  tenacity  nylon  yam  of  inprovad  haat  maiatanoa  ahowad 
approninataly  5Z  loan  of  roon  tanporatum  tanaila  attangth  after  atpoaure  in 
air  at  1S0®C  for  24  houm,  and  ^roxiaataly  351  loaa  after  ai^ura  in  air 
for  tha  aana  poriod  at  I7S®C. 
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*A.3  When  nylon  is  introduced  suddenly  into  e hot  etaosphere,  its  teopereture 
tskes  tins  to  rise,  end  useful  perfonumce  aey  be  obtained  during  this  tiac. 

For  exsaple,  the  energy  froa  a shock  load  asy  he  absorbed  before  excessive 
physical  deterioration  has  taken  place.  The  teaperature  history  in  cordags  at 
several  load  levels  when  exposed  to  aiiiient  teaperatures  up  to  340°C  is 
described  in  RAE  Technical  Note  CFM  7 (see  Ref. 7).  The  lifetiass,  i.e.  tiaes 
for  which  a cord  will  bear  loads  without  breaking,  at  teaperatures  up  to  440°C 
are  also  reported.  For  exaaple,  in  a 3.56kN  (800  Ibf)  braided  cord  under  loads 
of  0,  0.45,  1.78  , 2.23kN  (0,  180  , 400,  500  Ibf),  50  second  lifetiwe  could  be 
obtained  when  exposed  to  air  teaperatures  of  380,  360,  310,  210^0  respectively; 
for  lifetiass  of  500  seconds  the  corresponding  teaperatures  were  300,  250,  210, 
150®C. 

*4.4  For  circularly  woven  acrylic  and  aroaatic  polyaaide  cordages  of  siailar 
construction  to  nylon  of  specification  ainiaua  strength  of  6.68kN  (1500  Ibf) 

(see  Ref .8)  aroaatic  polyaaide  was  superior  to  nylon  at  low  loads  or  high 
aabient  teaperatures,  but  tlMre  was  little  difference  at  teaperatures  below 
200*^C  under  a high  load  of  3kN  (675  Ibf) . AroMtic  polyaaide  was  superior  to 
acrylic  under  all  the  teaperature  and  loading  conditions  studied.  Nylon  was 
superior  to  acrylic  except  under  aero  load,  irtien  acrylic  was  aore  resistant  to 
heat. 

5 Rasistance  to  abrasion 

*5.1  Fibrous  aaterials  are  susceptible  to  abrasion.  Studies  have  been  aade 
(see  Refs. 9-1 2)  of  the  sbrasion  which  occurs  when  synthetic  fibre  cordage  runs 
at  hi|^  speed  over  surfaces  of  nylon,  concrete  and  asphalt. 

*5.2  For  a nylon  surface,  it  was  found  that  the  abrasion  aschanisa  was  largely 
controlled  by  the  rate  of  heat  production  in  comparison  with  the  rate  of  heat 
loss.  It  is  essential  to  avoid  the  use  of  synthetic  aaterials  such  as  nylon 
lAen  hi|^  teaperatures  any  be  developed,  unless  a heat  sink  or  suitable  protec- 
tive layer  can  be  incorporated. 

9.3  With  concrete,  heating  plays  a less  iaportsnt  role,  daaags  being  princi- 
pally a natter  of  progressive  breekage  of  filaasnts  by  die  rough  aurfaee.  For 
esaqplo  for  a 3.56kV  (800  Ibf)  cord  undar  a load  of  5N  (I. 125  Ibf)  a velocity  of 
lOa/aecond  (32ft/second)  for  nylon  and  polyester,  and  of  5a/ second  (l6ft/second) 
for  polypropylene  are  sufficient  to  cause  failures  in  a few  seconds.  Higher 
velocities  can  be  tolerated  on  asphalt  than  on  concrete. 
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6 1— letnnee  to  water 

*6.1  The  etrength  of  eoM  textile  aeterUle  ie  effected  by  ifeter.  For  exe^>le, 
wet  nylon  is  I5Z  weaker  than  at  standard  huaidity,  and  aroaatic  polyaaide  20Z 
wedcar.  natural  cellulosie  fibre  (cotton*  flax)  are  a few  per  cent  stronger, 
idiile  Terylene  and  polypropylene  are  unaffected. 

*6.2  Undrawn  nylon  degradea  cheidleally  in  wans  water  unless  protected,  e.g.  by 
oxina  (see  Ref. 13). 

*6.3  Ply-tear  webbings  which  are  satisfactory  in  dry  conditions  nay  bacons 
dangerous  when  wet  because  of  ply  failure:  use  of  a binder /warp  strength  ratio 
of  not  wore  than  0.08  is  reconnanded  (sea  Ref. 14). 
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